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Wide use of imaging techniques results in more frequent diagnosis of adrenal lesions that require surgical intervention in cases with functional and malignancy. In a study which used higher resolution computed tomography (CT) scans, the incidental prevalence of adrenal incidentaloma was found %4, 4.\[[@ref1]\] In autopsy studies, the prevalence of incidentalomas is 2%, and it ranges from 1 to 9.\[[@ref2]\]

There are three milestones in the surgical treatment of adrenal disease in the last century. First, the structures of the adrenal steroids were gradually established during 1930 and 1940. The biochemical studies of the structure and synthesis of adrenocortical steroids by Reichenstein in Switzerland and Kendal and Hench in the USA resulted in the award of the Nobel Prize in physiology and medicine.\[[@ref3]\] In addition to this knowledge, Rosalind Yalow discovered the radioimmunoassay and he was awarded the Nobel Prize in physiology and medicine in 1977.\[[@ref4]\] This discovery resulted in easy and quick measurements of the hormones.\[[@ref4]\].

The second milestone is the development of adrenal imaging. Cross-sectional imaging with CT was first used in 1975 and along with magnetic resonance imaging (MRI) remains the mainstay of localization investigation today.\[[@ref5][@ref6]\] Moreover, the third milestone is the use of laparoscope for surgical removal of the adrenal gland by Gagner *et al.* 1992.\[[@ref7]\]

In the past two decades, laparoscopic adrenalectomy (LA) was performed by many surgical clinics successfully.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Except three clinics in the world, this operation was done in many series by a single experienced surgeon.\[[@ref8][@ref9][@ref10]\] LA has a learning curve as the other laparoscopic procedures. The learning curve for LA is proposed to be between forty and fifty procedures.\[[@ref8][@ref9][@ref15]\] The appropriate experience needs a long time in a developing country due to low volumes. On the other hand, in this study, we want to present our experience about open adrenalectomy with improved surgical care and instruments during laparoscopic era.
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Our hospital is the endocrine tertiary referral center for the northeast of Turkey. Patients are referred from the district general hospitals across the region to the endocrinology department of our hospital. Following comprehensive endocrinological investigations, the patients with adrenal mass are referred to our department for adrenalectomy.

A retrospective and descriptive study of patients with adrenal mass undergoing open adrenalectomy in the surgery department of our hospital between January 1993 and January 2013 was carried out. The local ethics committee confirmed that formal approval was not required for this retrospective audit study. All operations were performed by two surgeons.

The indications for the adrenal mass surgery were either for hormonally active neoplasm or malignant neoplasms or nonfunctioning neoplasm greater or equal to 4 cm with proven growth. Patients under the age of 18 years were excluded from the study.

All patients underwent preoperative imaging studies (ultrasound, CT, and MRI). Adrenal venous sampling was used in selected patients with Conn syndrome. 131I-Metaiodobenzylguanidine was used in some ectopic cases with pheochromocytoma.

Preoperative evaluation included a complete history and physical examination and measurements of serum electrolytes, creatinine, and a complete blood count. Those with suspected adrenal mass underwent a complete endocrine evaluation. For identifying possible functional tumors, we tested for 24-h urine metanephrine and catecholamine levels, plasma metanephrine levels, aldosterone level, plasma renin activity, cortisol level after low-dose suppression with 1 mg of dexamethasone. If the screening test is positive, confirmatory test was done such as adrenal vein catecholamines, clonidine suppression test, 24-h cortisol, high-dose dexamethasone suppression test, plasma corticotropin, metyrapone stimulation test, urinary aldosterone, aldosterone--renin ratio, postural stimulation test, and adrenal vein aldosterone.

In cases with pheochromocytoma, the medical management of pheochromocytoma at the preoperative phase is aimed mainly at blood pressure control and volume repletion. Alpha-blockers such as phenoxybenzamine are started 1--3 weeks before surgery at doses of 10 mg twice daily, which may be increased to 300--400 mg/d with rehydration. Beta-blockers such as propranolol at doses of 10--40 mg every 6--8 h often need to be added preoperatively in patients who have persistent tachycardia and arrhythmias. Patients also were given adequate volume repletion preoperatively to avoid postoperative hypotension, which ensues with the loss of vasoconstriction after tumor removal.

All patients underwent open anterior adrenalectomy under general anesthesia. To complete this retrospective audit, case notes were retrieved and reviewed. The following data were collected: demographics, indication for treatment, comorbidities, body mass index (BMI), American Society of Anesthesiologists (ASA) score, previous abdominal operation, operating time, blood loss, length of hospital stay, complications (using Clavien-Dindo classification), histological diagnosis, and size of specimen.\[[@ref20]\]

Patients were followed in the first 6 months with a 3-month interval and later with a 6-month interval.

Data were analyzed using statistical package SPSS 13.01 for Windows (SPSS, Chicago, IL, USA, and serial number 9069728). Data are presented as mean ± standard deviation, tables, and figures. For group comparison, the Mann--Whitney U-test was used. *P* \< 0.05 was considered statistically significant.
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Between January 1993 and January 2013, ninety patients were operated in the surgery department of our hospital. The mean number of adrenal operations per month during this period was 0.38 ± 0.12 \[[Figure 1](#F1){ref-type="fig"}\].

![The distribution of the cases according to the years](AAM-19-26-g001){#F1}

The patient included 35 men (38.8%) and 55 women (61.2%), with a median age of 46.4 ± 17 years \[[Table 1](#T1){ref-type="table"}\]. The mean BMI was 28.4 ± 5.25, and the mean ASA score was 2.6 ± 0.57. Seven patients had previous abdominal surgery. The mean operative time was 88 ± 27 min. The right side mean operative time was 84 ± 22 min and left side was 94 ± 26 min. The mean maximum diameter of all the lesions estimated by ultrasound, CT, or MRI was 4.8 ± 1.3 cm (range: 1.2--21 cm). These values were 4.42 ± 1.8 cm in patients with pheochromocytoma and 9.6 ± 3.6 cm in patients with adrenocortical cancer. The mean blood loss was 118 ± 23 ml during the operations.

###### 

Demographic details, operative details and outcomes

  Parameters                             
  -------------------------------------- ------------
  Age (years)^a^                         46.4±17
  Sex distribution                       
  Male                                   35 (38.8%)
  Female                                 55 (61.2%)
  BMI (kg/m2)^a^                         28.4±5.25
  ASA score^a^                           2.6±0.57
  Side of resection                      
  Right                                  40 (45%)
  Left                                   50 (55%)
  Previous abdominal surgery             7(7.7%)
  Size of resected mass(mm)^a^           4.8±1.3
  Operative time (min)^a^                88±27
  Operative bleeding value(ml)^a^        118±23
  Operative blood transfusion (number)   2(2.2%)
  Mortality (number)                     0 (%0)
  Length of stay (days)^a^               6.2±2.3
  30 day re-operation rate               0
  Surgical complications^b^              
   Grade I                               1 (1.1%)
   Grade II                              4 (4.4%)

^a^Values are mean (±standard deviation). ^b^Surgical complications are presented according to the classification system proposed by PA Clavien (20). BMI=Body mass index, ASA=American society of anaesthesiologists

Postoperative complications were observed in five patients (5.5%) (one retroperitoneal hematoma, three operative bleeding which needed blood transfusion, and one pneumonia). There was no mortality after the operations. The mean length of hospital stay was 6.2 ± 2.3 days.

Hormonal activity of the tumors in our study was observed as 29 (32.2%) aldosterone-secreting tumor, 18 (20%) catecholamine-secreting tumor, 10 (11.1%) glucocorticoid- secreting tumor, and 1 (1.1%) virilizing tumor \[[Table 2](#T2){ref-type="table"}\].

###### 

Hormonal activity of the tumors

  ------------------------------------- ------------
  Nonfunctioning adrenal tumor          32 (35.5%)
  Catecholamine-secreting tumor         18 (20 %)
  Glucocorticosteroid-secreting tumor   10 (11.1%)
  Aldosterone-secreting tumor           29 (32.2%)
  Virilizing tumor                      1 (1.1%)
  ------------------------------------- ------------

Histological type of the tumor was given in [Table 3](#T3){ref-type="table"}. The most frequent type was benign adenoma and secondly aldosterone-secreting tumor. The mean operative time of the aldosterone-secreting tumor was 85 ± 21 min, and their mean blood loss was 112 ± 22 ml. There was no significant change between the cases of aldosterone-secreting tumor and the other cases. Adrenal venous sampling was used for the localization in 12 (41.9%) of those cases. These cases had no severe complications during the postoperative period.

###### 

Analysis of histological types of removed tumors

  Histological type of the tumor    n (%)
  --------------------------------- -----------
  Adenoma                           44 (48.8)
  Pheochromocytoma                  18 (20)
  Nodular hyperplasia               7 (7.7)
  Myelolipoma                       6 (7.4)
  Adrenocortical cancer             4 (4.4)
  Metastasis                        3 (3.3)
  Pseudocystis                      3 (3.3)
  Ganglioneuroma                    2 (2.2)
  Pheocromocytoma+ Ganglioneuroma   1 (1.1)
  Oncocytic adenoma                 1 (1.1)
  Corticomedullary mixt tumor       1 (1.1)
  Total                             90 (100)

Pheochromocytoma was found in 18 cases of our series. There was no bilateralism and malignancy in our cases. The mean operative time of these cases was 102 ± 32 min, and the mean blood loss was 132 ± 32 ml. There were no significant differences between the cases of pheochromocytoma and the other cases. Metaiodobenzylguanidine was used in four pheochromocytoma cases. We observed hypertensive crises in three (16.6%) cases during the operation before the removal of the lesion. Postoperative course of those cases was uneventful.

Adrenocortical cancer was seen in four patients. One case is still alive without recurrence. One case with a 21-cm mass died at the 8^th^ month. Two cases with recurrence are living under chemotherapy for 2 years.

The mean follow-up period was 7.8 ± 4.6 years (ranging from 16 months to 14 years). The follow-up rates were 96% after 1 year, 82% after 2 years, 48% after 5 years, and 28% after 10 years.
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Adrenal disorder that required surgical correction is rare. Despite several reports of surgical removal of the pathologically enlarged adrenal glands, it is believed that no adrenal tumor was precisely diagnosed preoperatively before 1905.\[[@ref21]\] Plain abdominal radiography, retroperitoneal gas insufflation, pyelography, caval venous sampling, selective adrenal venous sampling, and scintigraphy were used until 1975 for diagnostic localization of adrenal lesion.\[[@ref5][@ref6]\] After 1975 first CT, subsequently, ultrasonography and MRI were used for easy diagnosis of adrenal lesion.\[[@ref5][@ref6]\] On the other hand, wide use of imaging techniques due to other causes leads to more frequent diagnosis of the adrenal lesions.

Besides, more use of CT from other causes, the investigation of resistant hypertension increased the incidence of the adrenal lesions.\[[@ref15]\] We observed two-third of our series as hormone-active adrenal lesions (Conn's syndrome, pheochromocytoma, and cortisol-secreting tumor), and the most common lesion was Conn's syndrome. These results are correlated with the literature with a proportion range of 21%--28%.\[[@ref8][@ref9][@ref13][@ref15]\] We found 32.2% of the cases as Conn's syndrome in our study.

Knowley Thornton who has been considered as performing first successful adrenalectomy for suprarenal tumor, operated that case in London in 1889 and reported it in 1890.\[[@ref22]\] Later, till 1950, many techniques such as anterior abdominal, flank, and open adrenalectomy (OA) techniques have been developed.\[[@ref23]\] OA was unchallenged until 1992, when Gagner *et al.* described a transperitoneal laparoscopic approach to the gland.\[[@ref12]\] This technique has been extensively accepted by endocrine surgical community and others described a posterior retroperitoneal laparoscopic approach.\[[@ref11]\]

Today, LA has become the "gold standard" for the adrenal surgery. It reduces analgesic requirements, shorter length of hospital, and earlier returns to work, reduced morbidity, and reduced hospital cost.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] On the other hand, LA has a learning curve as other laparoscopic procedures.\[[@ref10][@ref15]\] The learning curve for LA is proposed to be 40--50 operations.\[[@ref9][@ref12][@ref15]\] Except a few centers, LA has been performed by one or two experienced surgeons.\[[@ref8][@ref9]\] This theme is an important problem in developing countries with low-volume patients such as our country.

Our operations in this series were performed by two experienced surgeons. We observed in our study that the mean operative time was 88 ± 27 min, the mean maximum diameter of all the lesions was 4.8 ± 1.3 cm (range: 1.2--21 cm), and the mean blood loss was 118 ± 23 ml during the operations; there was no mortality after the operations, and the mean length of stay was 6.2 ± 2.3 days.

LA is a difficult surgical procedure that leads to complications during and after surgery with morbidity or even death. Gumbs and Gagner reported in large series with 2565 cases and found that the complication rate was 2.9%--15.5%.\[[@ref7][@ref8][@ref9][@ref10][@ref24]\] Our complication rate was 5.5% after OA.

Pheochromocytoma is an endocrine rare tumor, most common in women in their 40s and 50s.\[[@ref25][@ref26]\] The "rule of 10" is used to describe pheochromocytoma; 1 of every 10 patients have malignant pheochrocytoma, 1 of every 10 patients has bilateral tumor, 1 of every 10 patients has extra-adrenal tumor and 1 of every 10 cases is familial.\[[@ref25][@ref26]\] Pheochromocytoma can be treated with open or laparoscopic surgery with lower mortality and morbidity.\[[@ref25][@ref26]\] However, there are more risks associated with surgical treatment of pheochromocytoma, either open or laparoscopic, in spite of lower mortality and lower complications -- blood pressure changes, intraoperative blood loss, and adverse cardiovascular events such as myocardial infarction, pulmonary edema, and stroke.\[[@ref25][@ref26]\]

We operated 18 cases of pheochromocytoma with 102 ± 32 min operative time and 132 ± 32 ml mean blood loss. Those values were insignificant with other cases in our study. We did not observe bilateral, malignant, or familial cases. The low number of our cases may explain our findings. " In the literature, laparoscopically-operated pheochromocytoma cases have been reported with longer operation times and more postoperative bleeding.\[[@ref16][@ref25]\] Despite adequate volume resuscitation, the use of alpha- and beta-blocker and blood pressure changes occur during the operation till the removal of the lesion. We observed hypertensive crises in three (16.6%) cases during the operation before the removal of the lesion.

Adrenocortical carcinoma is a rare malignant disease with a poor diagnosis.\[[@ref27]\] As there are a few adrenocortical cancer cases in our study, we do not have sufficient empirical evidence.

Our study has certain limitations due to retrospective single-center analysis, the difficulties of the collection, and the interpretation of the data of a 20-year period with shorter follow-up and biases inherent in any retrospective study. Furthermore, the sample size is still relatively small. Ideally, a randomized prospective trial should settle this important issue. However, we give a chance to literature to compare their LA results with our OA study.
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Today, OA is a safe operative approach with advanced diagnostic and imaging methods, improved anesthesia, and postoperative care in developing countries. It will take time to change to LA instead of OA.
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